This study utilized and compared different econometric models to analyze conjoint analysis data to elicit floral customers' willingness to pay (WTP) for biodegradable plant containers. From the conjoint data, this paper shows that mixed tobit models or mixed ordered probit models generate more accurate results than the tobit, ordered probit models, or linear models used in the literature. Accordingly, we conclude that mixed tobit or mixed ordered probit models should be used in conjoint analysis instead of tobit, ordered probit or linear models when there is a significant correlation between multiple evaluations from the same participants. The results of the study show that participants were willing to pay a price premium for biodegradable containers, but the premium was not the same for different types of containers.
INTRODUCTION
Conjoint analysis is a survey-based approach that has been widely used to evaluate consumer preference and willingness to pay for various products. Conjoint analysis decomposes a product with multiple attributes, all of which have associated utility, into individual attributes and asks respondents for an overall evaluation of the product. Using conjoint analysis, a researcher can determine a part-worth utility for each product attribute and the sum of the attributes allows for a determination of the total utility for any combination of attributes. Conjoint analysis is commonly used to evaluate product acceptance among consumers and consumers' willingness to pay (WTP) for different attributes of a product (Bernard et al., 2007; Fields and Gillespie, 2008; Harrison et al., 2005; Manalo et al., 1997; Yue and Tong, 2009 ).
In the marketing literature, conjoint analysis data are mainly estimated using linear models (Wittink et al., 1994) . The linear models have been shown to have limitations for estimating qualitative data in the literature (Doyle, 1977; Louviere, 1988; Sy et al., 1997) . In recent years, many researchers turned to tobit models or probit models to reflect the qualitative nature of many conjoint ratings or ranking data (Anderson and Bettencourt, 1993; Manalo and Gempesaw, 1997; Harrison et al., 2002; Sy et al., 1997) . In conjoint analysis, it is typical to ask survey respondents to evaluate multiple products that are composed of different levels of attributes. Therefore, it is possible that multiple evaluations from the same respondents are highly correlated. Ignoring this correlation might lead to a biased estimation of conjoint data.
One way to capture these possible correlations is to use mixed tobit models or mixed probit models, in which a random individual effect is introduced as a random coefficient. This paper explored the possibility of using mixed tobit models or mixed 218 probit models to estimate conjoint analysis data and compared the estimation results with those from linear models, tobit models and probit models. We applied the different models to conjoint data collected from consumers' evaluations of biodegradable containers.
In recent years, the floriculture industry has seen a rise in biodegradable, compostable or bioresin containers often called "green" or "sustainable" products (Lubick, 2007) . These containers are derived from renewable raw materials (e.g., corn or wheat starch or rice hulls), cellulose, soy protein and lactic acid (White, 2009) . Therefore, they are often labeled as compostable as they are broken down by naturally occurring microorganisms into carbon dioxide, water and biomass when composted or discarded (White, 2009) . Biodegradable containers are those that can be planted directly into the soil (Evans and Hensley, 2004; White, 2009) .
Despite the introduction of "green" products as alternatives to already existing products, many customers still choose conventional products because of price and performance considerations, or ignorance and disbelief (Ottman, 1998) . Like most innovation activities, green product development is a task characterized by high levels of risk and uncertainty, and the introduction of biodegradable containers into the green industry market is no exception.
There were two main objectives of this study. Theoretically, we employed and compared different estimation methods such as mixed tobit models, mixed ordered probit models, tobit models, ordered probit models and linear models to estimate the conjoint analysis data and investigate which estimation method generated the most accurate and efficient WTP estimates. Empirically, this study investigated consumer preferences for and WTP for biodegradable containers in comparison to traditional plastic containers. In addition to container type, we also included other important attributes that are related to the environment such as carbon footprint and percentage of waste materials used in making the containers. The results from this study not only provide important guidelines on model selection in estimating conjoint analysis data, but are also important for the green industry in providing important implications and insights about the market potential of alternative packaging materials.
MATERIALS AND METHODS
The products we used were mature, yellow blooming chrysanthemums in fourinch containers. The flowers in the containers were identical to each other in appearance, while the container attributes changed among the alternatives. The container attributes include material type, carbon footprint, waste composition of a container and price. Other attributes that could be considered as important to the consumer's purchase decision (such as container size and color and flower attributes such as flower type, color and size) were held constant.
There were four types of containers: wheat starch, rice hull, straw and plastic. We chose these three types of biodegradable containers because they are currently available on the market. The plastic container was also included in our study since it is widely used by many producers and is familiar to the majority of consumers. This option also provided a control for the biodegradable containers.
The second attribute was carbon footprint. Carbon footprint was included given its increasing importance both at the producer and consumer end of the marketing channel. This increased importance can be easily seen by the increasing amount of not only academic research, but increased media coverage and marketing strategies for businesses attempting to capitalize on claims of carbon footprint savings (Pearson and Bailey, 2009; Philip, 2008) . In order to determine consumer preferences for and the value of "carbon labels", we compared several different labels, namely "carbon neutral", "carbon saving" and "carbon intense".
The third attribute was percentage of waste composition (the amount of waste materials used in making the product), which was included to determine if the percentage of the pot made of waste products played any role in the consumer's purchasing decision. Waste composition levels included: "0% waste," "1-49% waste," and "> or = 50% waste".
For the conjoint analysis, we had three price levels. Price levels were determined by taking the 4-state (Indiana, Michigan, Minnesota and Texas) average price ($ 2.99), for a 4-inch potted chrysanthemum. The low and high prices were then set at $ 0.50 above ($ 3.49) and below ($ 2.49) the average retail price. The 4-state average price was used since the conjoint survey was administered in Indiana, Michigan, Minnesota and Texas. Price was not an attribute for the experimental auction, since participants were asked to name the prices they were willing to pay for the containers.
The internet survey was developed by researchers and approved by the University Committees involved with research on human subjects. It was then implemented by Knowledge Networks during July 2009. The conjoint questions included the 16 alternatives in pictures, with different product attribute combinations clearly labeled. Each survey question stated: "Please take a look at the following photographs and tell me how likely you would be to purchase the plant for your own home as shown. Keep in mind that all of the containers are four inches tall and the same size". Survey participants were then asked to indicate how likely they would be to purchase the plants on a 9-point Likert scale with 1 meaning "extremely unlikely" and 9 meaning "extremely likely". A total of 1,113 respondents participated in the survey with 834 completing the survey. Those respondents who had not purchased any ornamental plants in the past year did not finish the survey.
We analyzed the ratings data using a mixed double-bounded tobit model and a mixed ordered probit model. Both models assume that there is a postulated continuous latent variable that is partially observed and there is an existing transformation from ratings space to utility space. The double-bounded tobit model assumes that the ratings are a cardinal measure of utility that is censored at both ends of the rating scale. This approach assumes that the utility distance between each unit change in ratings is constant (Roe et al., 1996) . In the ordered-probit model, the ratings have ordinal instead of cardinal interpretation, i.e., a rating of five is not necessarily twice as far from a rating of one as a rating of three. Instead of using a double-bounded tobit model and ordered probit model, we used a mixed double-bounded tobit model and mixed ordered probit model by introducing an individual random effect into the models.
In the conjoint analysis, as each participant evaluated multiple items (16 alternatives in our experiment), it was possible that the ratings from the same participant on all 16 alternatives were correlated. The random individual effect was designed to capture this correlation. We then compared the estimation results from mixed ordered probit models and mixed tobit models with those from tobit models and probit models. Table 1 shows the socio-demographic background information of the internet survey participants. The average age of participants was 40-59 years old. This was consistent with earlier studies that gardening plant purchasers tend to be older (Yue and Behe, 2008) . The average household size was 2 to 3 people per household. The average education level was some college and the average income level was $ 50,000. 52% of participants were female.
RESULTS AND DISCUSSION
Tables 2 shows the estimation results on the conjoint internet survey using a mixed tobit model, a mixed probit model, a tobit model, a probit model and a linear model. The mixed tobit model and the mixed probit model generated similar results. The negative coefficient of Price means that as price goes up consumers' likelihood of choosing the product is lower. The coefficients of Rice Hull and Straw are significant and positive and the coefficients of Carbon Intense are negative and significant. The positive coefficients of Rice Hull and Straw indicate that participants were more willing to buy biodegradable containers made from rice hull and straw and they were willing to pay positive premiums for them. The coefficients Rice Hull is higher than that of Straw, which indicates participants liked containers made of rice hull better than the containers made of straw. The coefficients of the variables measuring the percentage of waste materials, Wheat Starch and Carbon Saving were not significant.
If we divide the coefficient of a product attribute by the absolute value of the coefficient of price we get the estimated WTP for that specific product attribute compared with the baseline attribute (Boyle et al., 2001 ). The estimates of WTP for different product attributes and the corresponding 95% confidence intervals are provided in Table 3 . The results show that compared with plastic containers, participants were willing to pay about $ 0.82 more for rice hull containers and they were willing to pay around $ 0.61 more for straw containers. Compared with carbon neutral containers, participants discounted carbon intense containers by around $ 1.04 per container. Estimates of the WTP for other product attributes such as the wheat starch container, carbon saving container and the percentage of waste materials were not significantly different from their baseline product attributes (plastic container for container type, carbon neutral for carbon level, 0% waste material for percentage of waste material composition).
Both mixed tobit and mixed ordered probit models show that the random individual effect is significant (σ τ ), which means a correlation exists between the ratings on multiple products from the same participants. Columns 3 and 5 of Table 2 show the estimation results from a tobit model and ordered probit model without considering the random individual effects. From the results we can see that the estimation results of tobit and ordered probit models are different from the results of mixed tobit and mixed ordered probit models. The log likelihood of the mixed tobit model is greater than that of tobit model and the likelihood ratio test statistics are statistically significant (p-value<0.001), which indicates the mixed tobit model is a better fit for the conjoint analysis data.
The log likelihood of the mixed ordered probit model is greater than that of the ordered probit model and the likelihood ratio test statistics are statistically significant (p-value<0.001), which indicates the mixed ordered probit model is a better fit for the conjoint analysis data. Ignoring the random individual effect would lead to biased estimation. Therefore, the mixed tobit model or mixed ordered probit model should be used instead of the tobit or ordered probit models to get a more accurate estimation.
To compare the possible differences between the WTP estimation results, we also estimated the WTP using a tobit model, probit model and linear model as shown in Table 3 . We can see that compared with the mixed tobit model and mixed ordered probit model, the tobit model, ordered probit model and linear model generate different WTP estimates, even though the differences might not be significant. Additionally, the confidence intervals of the estimates are much wider from the tobit model, probit model and linear models than those from the mixed tobit and mixed probit models. Ignoring the significant random individual effects may not only lead to biased WTP estimates, but also lose efficiency by generating wider confidence intervals. Therefore, panel models such as mixed tobit or mixed ordered probit models should be used in conjoint analysis instead of tobit or ordered probit models to capture the random individual effects.
CONCLUSIONS
Using the conjoint analysis data from consumers' evaluation of biodegradable containers, we show how mixed tobit or mixed ordered probit models generate more accurate results when analyzing conjoint analysis data than the widely used models in the literature, such as tobit models, ordered probit models and linear models. We found significant individual random effects when estimating mixed tobit and mixed ordered probit models. Additionally, the confidence intervals of the WTP estimates were much wider for the tobit, probit and linear models than those from the mixed tobit and mixed probit models. Therefore, ignoring the significant random individual effects may lead to biased WTP estimates and a loss of efficiency by generating wider confidence intervals. Accordingly, panel models such as mixed tobit or mixed ordered probit models should be used in conjoint analysis instead of tobit, ordered probit or linear models to capture the random individual effects.
The presence of environmentally sensitive or "green" consumers has been acknowledged for some time. In the future, as more consumers are likely to take environmental issues into account when purchasing goods, more companies are endeavoring to establish a track record of environmentally-friendly practices.
The results of the study show that participants were willing to pay a price premium for biodegradable containers and their revealed WTP was not the same for biodegradable containers made from different materials. The composition of waste materials in a given container also affected consumers WTP based on the auction data estimation results. We found that the higher the percentage of waste material composition in a pot, the higher the premium. Lastly, as expected, the carbon footprint associated with a given container also significantly influenced WTP. Specifically, we found that compared with a neutral carbon footprint, participants were willing to pay more for a container that was carbon saving and they discounted containers that were labeled as carbon intensive.
Through intelligent packaging and system design, it is possible to "design out" many potential negative impacts of plant packaging on the environment and society -in this case, the prominent amount of virgin plastic produced. "Cradle to cradle" principles offer strategies to improve the material health of packaging and close the loop on packaging materials, including the creation of economically viable recovery systems that effectively eliminate waste. The use of biodegradable pots reflects these cradle to cradle principles. This research will greatly benefit floral consumers by ensuring that environmentally friendly products marketed to them in the future truly meet their "sustainability" expectations. 
